We have investigated the effects of a bar and an asymmetric spiral structure on the neutral hydrogen distribution and kinematics in the strongly barred spiral galaxy NGC 7479. The strongest 21-cm line emission at 1-kpc resolution comes from the western spiral arm which appears to be slightly inclined to the plane of the main disc. In contrast, the area within the radius of the bar is devoid of 21-cm line emission. The radio continuum emission at 21 cm follows the bar dust lanes, but beyond 3 kpc from the nucleus the radio continuum emission has a peculiar morphology, unlike that of optical and near-infrared images. We did not detect any low surface brightness gas-rich companions in the near neighbourhood of NGC 7479. This leads us to propose that the strong western spiral arm was created in a recent minor merger.
I N T R O D U C T I O N
While statistical studies of the properties of barred spiral galaxies have produced interesting and important correlations between the various physical parameters, only detailed, high-resolution investigations of individual galaxies will reveal the evolutionary processes that shape these galaxies. This approach is particularly effective if data from various frequency domains covering a large fraction of the electromagnetic spectrum are combined. The gathered data then need to be interpreted with analytical calculations and numerical simulations.
Progress in this direction has been made by, for example, Gottesman et al. (1984) , Ball (1986 Ball ( , 1992 , England (1989a,b) , Kaufmann (1993) , Lindblad, Lindblad & Athanassoula (1996) and Lindblad & Kristen (1996) . These investigations combined highresolution observations of the gas (and, in some cases, stellar) velocity fields with hydrodynamic simulations of the gas behaviour in the derived potentials. However, the previous studies were often limited by the available spatial resolution of specifically the 21-cm H i observations, reaching 1-kpc-scale resolution in only the nearest galaxies. With the improvement of receiver sensitivity it is now possible to map the 21-cm line (and continuum) emission with the B configuration of the VLA and obtain 1-kpc resolution in galaxies at distances out to 35 Mpc. We extend the sample of galaxies studied with high-resolution 21-cm observations and modelled with numerical simulations (Laine, Shlosman & Heller 1998, hereafter Paper II; Laine & Heller, in preparation, hereafter Paper III) to the strongly barred spiral galaxy NGC 7479. We use a distance of 32 Mpc, derived from Hubble's law with H 0 ¼ 75 km s ¹1 Mpc ¹1 and V hel ¼ 2371 km s ¹1 . Therefore, 1 arcsec ¼ 160 pc and the highest resolution achieved in our H i observations, 8 arcsec, corresponds to 1.3 kpc.
This paper is the first in a series addressing the gas distribution and kinematics and their relation to star formation in NGC 7479. In addition to Papers II and III, which present simulations made to find the bar pattern speed and examine a minor merger scenario for NGC 7479, the molecular gas kinematics and distribution are studied by Laine et al. (in preparation, herafter Paper IV) . NGC 7479 is a good target for a detailed inspection of the gas dynamics since it has a strong bar and an exceptionally asymmetric spiral structure. In addition, it has been classified as a starburst galaxy (Devereux 1989) . NGC 7479 is relatively easy to observe with aperture synthesis instruments in both its neutral hydrogen (21 cm) and molecular (2.6-mm CO) gas emission, and it is close enough for a detailed, high-resolution (< 1 kpc) study.
Neutral hydrogen is an ideal medium to trace the outer disc kinematics and the gas distribution, although it is often deficient in the central, bar-dominated region of early Hubble type galaxies (e.g. NGC 1300, NGC 3992 : England 1989a; Gottesman et al. 1984; Hunter & Gottesman 1996) . In these cases the inner regions are often inspected better with molecular gas observations, especially in the CO J ¼ 1-0 line, and with Fabry-Perot Ha data. Such observations for NGC 7479 are discussed in Paper III. No earlier aperture synthesis investigations of the 21-cm H i line emission in NGC 7479 have been published. Earlier, single-dish observations have been obtained as part of H i surveys by Shostak (1978) , Richter & Huchtmeier (1982) , Hewitt, Haynes & Giovanelli (1983) , Davis & Seaquist (1983) , Haynes & Giovanelli (1984) , Bottinelli, Gouguenheim & Paturel (1982) and Lu et al. (1993) .
The H i data presented here will be used to constrain numerical simulations made to investigate the possibility that the asymmetric spiral structure and the bar are a result of a recent minor merger (Paper III). The data from other wavelengths (e.g. Paper IV) will be used to constrain numerical simulations of the gas flow in the bar (Paper II). Ultimately, we hope to be able to give an accurate description of the current state of the dynamical evolution of NGC 7479 and explain the salient structural and kinematical features in the context of the theory of secular dynamical evolution of disc galaxies.
O B S E RVAT I O N S
NGC 7479 was observed in three different configurations of the Very Large Array (VLA) of the National Radio Astronomy 1042 S. Laine and S. T. Gottesman ᭧ 1998 RAS, MNRAS 297, 1041-1051 Figure 1. The naturally weighted H i channel maps in 21 km s ¹1 channels. Two channels in the original cube have been combined to make one channel in the presented maps. The contour levels are at ¹3; 3; 5; 8; 12 and 15 times the average rms noise (0.45 mJy beam ¹1 ). The small star marks the near-infrared K-band peak at the nucleus. The velocities in km s ¹1 are at the top left of each frame, and the beam (9.7 × 7.4 arcsec 2 ) at the bottom right of the last frame.
Observatory (NRAO). On 1989 September 14 the VLA was in the C configuration, on 1994 August 11 and 13 we employed the B configuration and on 1995 June 4 the D configuration was used. Two independent polarizations were combined. The total on-source integration time was 1158.5 min. The observations in the C configuration were made by Dr J. Kenney, using the 2AC correlator setting with 64 Hanning-smoothed channels and a 10.4 km s
¹1
velocity resolution. The total bandwidth was 3.125 MHz and the central heliocentric velocity 2380 km s ¹1 . The observing parameters for the various runs are summarized in Table 1 . The brightness sensitivity of the B-configuration observations (5 K) is substantially lower than the brightness sensitivity in the C and D configurations (0.15 K).
Calibration
The data from different configurations were calibrated separately. The D-configuration observations were made when the Sun was about 80Њ away from NGC 7479. The short baselines in the D configuration are sensitive to solar interference, and, even though the Sun was well outside the field of view, the sidelobes of the beam still contained considerable emission from the Sun. Therefore, the shortest baselines were badly contaminated. For this reason we did not use data from baselines shorter than 0.57 kl. The data for calibrators were also clipped at short baselines. The differences in the fluxes of the phase calibrator 2328+107 can be attributed to source variability as reported in the VLA calibrator flux density data base. The rest of the calibration followed standard procedures.
Imaging
The three calibrated u-v data sets were first combined. After carefully inspecting the preliminary channel maps for line emission, we subtracted the 21-cm radio continuum in the u-v space. The ϳ5 arcsec resolution radio continuum morphology of NGC 7479 turned out to be exceptional. Although the 21-cm radio continuum morphology is briefly reported in this paper, we save the more detailed discussion for a future paper, after more detailed observations have been completed. After the continuum removal and combination, the data sets were imaged using natural weighting to maximize the sensitivity. The images were CLEANed down to 1j rms noise level (0.279 mJy beam ¹1 ) to remove the sidelobes of the beam. Later we will also address 'dirty' images which were generated without CLEANing. Therefore, in 'dirty' images the beam is still convolved with the source. The 'dirty' beams in these 'dirty' images usually have large, non-Gaussian cores and high sidelobes owing to the irregular and truncated sampling of the u-v space. A CLEAN beam is obtained by fitting the core of a 'dirty' beam by a Gaussian. The final CLEAN beamsize in our maps is 9:7 × 7:4 arcsec 2 (FWHM) with a position angle of 311Њ (counted from north towards east). The CLEANed channel maps at 21 km s ¹1 resolution are presented in Fig. 1 . Some statistics of the channel maps are shown in Table 2 .
We tried several techniques of integrating the line emission in the channel maps to eliminate noise peaks without discarding low-level emission. The spectrum integration techniques have been discussed at length by Bosma (1981) and England (1986) . We have combined the 'cut-off' method, where emission of the channel maps is integrated only above a specified cut-off value, with a version of the 'window method' that requires the emission to be continuous over a specified number of velocity channels. First, we smoothed the data cube both in angle and in velocity. All the points that had a value less than twice the smoothed data cube rms level were rejected at the corresponding position in the original, unsmoothed data cube. Thus, the smoothed cube acted as a 'mask' for the original cube. In the last step, the original data cube pixels were integrated if their value, in at least two adjacent velocity channels, was more than 2.5 times the average rms noise (0.279 mJy beam ¹1 ) in the original cube. This method guaranteed that almost all the single-channel noise spikes were rejected (the channels in the original cube are independent of each other). As final products, we obtained the zeroth moment (the surface density of neutral hydrogen) and the first moment (velocity field). We also made images of the velocity field by fitting Gaussians to the spectrum at each spatial pixel location with the gipsy task gaufit. The spectra were examined by eye to justify the fitting with Gaussians. The observed spectra are Gaussian and symmetric, and no double-peaked spectra were found. The maps made by fitting Gaussians (shown here at 15-and 30-arcsec resolution in Figs 5, 6 and 7, later) show less structure than the moment maps on scales much smaller than the spatial resolution, i.e. structure which is probably due to noise in the input maps. Therefore, we decided to use the velocity field maps made by fitting Gaussians in our subsequent analyses.
The noise in the H i surface density image was estimated by summing two channels at each spatial pixel location and finding the rms level in the integrated map in a region outside any signal. This is the minimum noise at any pixel location because the noise depends on the number of channels included in the sum at the location of each spatial pixel.
R E S U LT S

Radio continuum
We show the uniformly weighted 21-cm radio continuum emission as detected by the B configuration of the VLA at a resolution of 4:3 × 3:85 arcsec 2 (position angle ¹58Њ) and the 2-cm radio continuum emission from the C configuration of the VLA, at a resolution of 1:4 × 1:3 arcsec 2 (kindly given to us by Q. Yin), next to an optical image of the bar of NGC 7479 (Fig. 2) .
The 21-cm continuum at 4-arcsec resolution in Fig. 2 has a remarkable structure. The emission morphology is characteristic of a very open spiral structure. The 'spiral arms' open in a sense opposite to that of the main optical and H i spiral structure, as is immediately evident in Fig. 2 . The ends of the 'arms' outside the bar are not associated with any optical, near-infrared or 2.6-mm CO emission. Anomalous radio continuum arms have been observed previously in NGC 4258 (e.g. van Albada & van der Hulst 1982) . In the case of NGC 4258, the arms have been explained as a jet near the plane of the disc (Cecil, Wilson & Tully 1992) . The anomalous arms in NGC 4258 bend in the same direction as the main spiral structure. It is unclear at the moment what the relationship of the anomalous radio continuum structure in NGC 7479 is to that of NGC 4258. New observations at a comparable resolution are needed to study the radio continuum morphology at other radio wavelengths before the nature of the extended radio continuum structure in NGC 7479 can be decided upon. in Fig. 2 are, i.e. is the radio continuum a continuous, jet-like source or does it consist of separate, partly resolved point sources strung together by the smoothing effects of the beam? There is a trace of the emission regions along and outside the bar in the 2-cm image, but this image has an inadequate sensitivity. We show the continuum here for completeness but we lack sufficient information to make an attempt to understand the origin of the anomalous continuum emission. Multiwavelength radio continuum observations of NGC 7479 at 5-arcsec resolution are currently being pursued and will be reported and discussed in a later paper. Our own high-resolution observations at 3.5 cm with 0.3-arcsec or 50-pc resolution indicate that the nuclear source remains unresolved. This is consistent with the observations of Neff & Hutchings (1992) who also find a nuclear point source in a 0.4 arcsec resolution 6-cm image. The peak and integrated fluxes of the nucleus and the extended emission at different frequencies and beamsizes are given in Table 3 . It is interesting to note that the peak flux spectrum flattens towards the shorter wavelengths, or even starts to increase. This is suggestive of either a substantial optically thin thermal component in the nucleus, or, more likely, a flat LINER or Seyfert spectrum. The integrated flux seems to reach a minimum at 6 cm. However, these measurements were taken from maps with widely varying beamsizes, and the resulting fluxes are therefore not directly comparable at all frequencies. Only future observations with similar coverages of the u-v space (similar resulting beamsizes) can address the spectral indices and fluxes of the various components.
The radio continuum emission at lower resolution appears extended with a probable background source 2 arcmin towards the north-north-west, as shown by Condon (1987) and Niklas et al. (1995) . Further investigations of the extended radio continuum emission in NGC 7479 will be reported in a future paper.
Total mass calculation with a refined cleaning method
A revised method to calculate the total flux from channel maps was introduced by Jörsäter & van Moorsel (1995) to correct the overestimation of the fluxes when using strongly non-Gaussian, naturally weighted beams. will contribute more emission than the central region where the rotation is more solid-body-like and which subtends a smaller solid angle. In NGC 7479 this contrast is increased by the large central hole in the neutral gas distribution. The asymmetric H i distribution, discussed later in Section 3.3, is easily visible in Fig. 3 , as the peak at velocities larger than the systemic velocity (¼ 2371 km s ¹1 ) is significantly higher than the peak at line-of-sight velocities lower than the systemic velocity.
Our new fluxes should be compared with previous determinations, made with single-dish radio telescopes. Shostak (1978) obtained a total H i flux of 37.6 Jy km s ¹1 with the Greenbank 300-foot telescope; Richter & Huchtmeier (1982) ¹1 with the Arecibo telescope. In addition to these measurements, a total H i mass of 1:01 × 10 10 M ᭪ is cited by Bottinelli et al. (1982) , using the Nançay 300-m telescope. Our flux is similar to the single-dish fluxes, although the values obtained with the Arecibo telescope are systematically higher. Adopting the total flux of 35.5 Jy km s ¹1 and assuming optically thin emission, we derive a total H i mass of (8:58 Ϯ 0:30Þ × 10 9 M ᭪ , the error estimate reflecting the uncertainties in the channel fluxes. The total flux value derived from the VLA observations is comparable to the single-dish measurements, which have a considerable scatter. Therefore, very little or no emission has been missed in the interferometric H i observations
Neutral hydrogen gas distribution
The neutral hydrogen gas disc (Fig. 4 , shown at an identical scale to an optical image) has a large central hole and two extended gaseous arms beyond the main gas disc. The central hole in the H i gas is somewhat unusual, since late-type spiral galaxies often have neutral hydrogen all the way to the nucleus (Hunter & Gottesman 1996) . However, the bar has lots of molecular gas, as discussed elsewhere (Paper III). The gas under a higher interstellar medium pressure in the bar region must have become self-gravitating and had a phase transition from neutral atomic to molecular gas. Upon close inspection, one can see an asymmetry in the H i distribution (Fig. 4) , in the sense that the intensity of the emission is higher on the south-western side. This translates into an asymmetry in the integrated flux spectrum (Fig. 3) , where the flux peak is higher in the receding half (south-west) of the galaxy.
The spiral arm starting at the southern end of the bar is much longer and more easily discernible than the arm(s) starting at the northern end of the bar. The south-western arm contains several regions of strong 21-cm emission. Near its southernmost part, the H i arm seems to bifurcate. One branch is coincident with the optical spiral arm, whereas the other branch leads to a location about 30 arcsec south. The latter arm segment seems to end in a large H i region, not readily seen in the stellar distribution. The bifurcation of the arm may not be real, but rather caused by beam smoothing effects, as there is no stellar counterpart to the lower branch.
Further west the strong arm suddenly turns sharply to the north. To the west of this sharp bend, another branch of the arm overshoots towards the north-west. Initially, the optical arm follows the main H i arm going north, but after position angle 290
• there is no clear optical counterpart to the neutral hydrogen gas emission. However, a deep optical exposure (G. F. Benedict, private communication) reveals an extension of light on the north-western side of the galaxy, underlying the H i arm.
In the south-east, a thin, long gas arm separates itself from the main neutral hydrogen disc. This arm does not have any optical or nearinfrared counterparts. It can be followed for at least 2 arcmin beyond the main neutral hydrogen gas disc. In addition to these features, there are several detached patches of weak emission in the south, between the main body of the gas disc and the long, southern arm.
We present lower resolution (15 and 30 arcsec) images of the H i surface density distribution in Fig. 5 . In these images, the asymmetric neutral hydrogen distribution can be appreciated more easily. Also, the southern gaseous extension is easily visible. There is an obvious concentration of gas at the ends of the bar, and the central hole can still be seen, although it fills up at these lower resolutions, mostly because of beam smoothing.
Neutral hydrogen kinematics
Description of the velocity field
The velocity field is easier to investigate after smoothing the data cube from the original, roughly 8.5-arcsec resolution to 15-and 30-arcsec FWHM beam resolutions. As we stated previously, we made images of the velocity field from the smoothed data cube by fitting Gaussians to the spectrum at each spatial pixel position. The spectral profiles were approximately Gaussian and symmetric in shape. We subtracted the velocity field made by taking the first moment of the intensity distribution with respect to the velocity from the one made by fitting Gaussians. Since the resulting field had a random appearance, no systematic effects resulted from fitting Gaussians to the velocity profile. The 15 arcsec resolution image of the velocity field is shown overlaid on the 8.5 arcsec resolution grey-scale image of the neutral hydrogen distribution in Fig. 6 . A similar image with the 30 arcsec resolution data is shown in Fig. 7 .
The 15 arcsec resolution image shows clearly that the H i disc velocity field has been perturbed severely on the western side around the strong spiral arm. For this reason, the global rotational field is difficult to determine reliably. Therefore, we decided to use only the data on the south-eastern side of the disc major axis for determining many of the orientation and rotation parameters. On that side, the velocity contours are fairly smooth with only small kinks, possibly related to streaming motions around the weak eastern arms.
At radii larger than 130 arcsec from the centre, the velocity field changes its character dramatically. This is most easily seen in the 30 arcsec resolution image (Fig. 7) . In the north-eastern part of the galaxy the velocity contours suddenly bend by 60
• -90
• toward north and then further out they return to their original position angles. This happens along the patchy gaseous arm that wraps around the galaxy in the north. Similar dramatic bends toward a lower line-of-sight velocity are seen in the northern and northwestern parts along the gaseous arm.
Often these kinds of bends in the velocity contours are interpreted as a warp of the outer H i layers. The warp can be caused by the structure and dynamics of the halo, or by a recent interaction with another galaxy. The possibility of a warp cannot be excluded in the north, although we were unable to generate a warp model that reproduces the observed velocity field. In Paper III we explore the possibility that the H i arm consists of gas that has been pulled to a different plane by the tidal forces from a minor companion whose orbit was inclined to the plane of the main galaxy. Furthermore, this model accounts for the sharp turns in the velocity contours if the arm is inclined by about 10Њ. An alternative explanation for the bends in the velocity contours is density wave streaming motions. We tried to fit the velocity perturbations to the first-order (linear) density wave streaming motion, described by Rohlfs (1977) :
where V t (r) and V r (r) are the tangential and radial amplitudes of the streaming motion, respectively, i is the inclination and v 0 (r) is the zero-point for the perturbation (the position angle of the arm ridge at radius r from the centre). No physically meaningful, consistent solutions were found. It appears that the receding half of the velocity field has been severely perturbed by the strong western arm.
The receding half of the velocity field (south-west) does not have any obvious sign of a warp. Instead, the contours do not close, but open up, thereby indicating a slightly rising, or flat rotation curve. In addition, the position angle of the major axis shifts towards higher values, from about 190
• near the centre to 215
• -220
• at the outermost radii. This is seen clearly in the 15 and 30 arcsec resolution data (Figs 6 and 7). In Fig. 7 , as well as in Figs 1 and 6, the contours to the west and south-west of the centre, near the position of the spiral arm, have moved toward lower velocities, as if the arm were not receding as fast as the rest of the disc. This result can be related to the different inclination of the arm. Alternatively, if the emission in the H i arm is in the same plane as the main neutral gas disc, the tangential velocity is lower on the arm, or there is substantial radial flow towards the arm. These issues will be further discussed in Paper III. The channel maps in Fig. 1 reveal a strong kink of the 21-cm emission that can be seen at 2479.5, 2500.4 and 2521.4 km s ¹1 . This coincides spatially with the bifurcation seen in the H i distribution (Fig. 4) . Its location is well beyond the end of the bar, which makes it unlikely that the bar perturbation has caused the kink. Also, there is no counterpart to the kink on the other side of the disc. Therefore, this perturbation must be related to the effects of the strong spiral arm.
Rotation curve
We obtained the rotation curve of the neutral hydrogen gas in NGC 7479, following the procedure of Warner, Wright and Baldwin (1973) and Begeman (1989) . First, we made initial guesses for the systemic velocity, the position of the dynamical centre, the inclination, the position angle and the rotation speed, based on the optical determinations. A least-squares minimization of the difference between the calculated,
and observed velocities was then made within each annulus, the width of which was chosen to match the beam (10 arcsec). Equation are the coordinates of a position on the plane of the sky, V 0 is the systemic velocity, V T is the tangential velocity at the distance r of the annulus from the centre, V R is the radial velocity at this distance, i is the inclination, and v is the angular distance of the point from the kinematical major axis (the part of this axis in the receding half of the galaxy), measured on the plane of the galaxy. The vertical motion in the z-direction has been ignored since these motions are small and relatively constant across the H i disc, as gas is highly concentrated in the plane of the disc. However, z-motions are probably significant in the outer parts of the strong western spiral arm, as, according to our suggestion, it lies in another plane. However, the outer, inclined regions of this arm are outside the radial range where we have fitted the rotation curve. The radial velocities, V R , turned out to be small and therefore we do not discuss them in this paper. In this case V T (r) becomes the circular rotation velocity at distance r. We employed the gipsy task rotcur to determine the run of rotation velocities from 40 out to 130 arcsec, using data in 10 arcsec wide annuli in the original 8.5 arcsec resolution data set. Because of the central H i hole, there is not enough emission to derive the rotation curve inside 40 arcsec. In addition, the bar perturbations would make the rotation curve within 40 arcsec very unreliable. We chose to use the high-resolution data set in determining the rotation curve to reduce beam smearing. Beam smearing causes underestimation of velocities in the steeply rising part near the centre, where it is difficult to determine the rotation curve anyway because of the weak 21-cm emission.
Tests leaving the inclination as a free parameter, and using data from the whole galaxy, showed that the inclination rises to very high values near the centre, where little gas is found and the effect of gas streaming along the bar is very severe. Since it is unrealistic that the disc inclination changes a lot in the bar region, we decided to use a constant inclination of 51Њ, determined from the outer disc, in our fits of the rotation curve.
The position angle cannot be unambiguously determined from data covering only one side of the major axis. Therefore, this parameter was determined using data from both sides of the major axis. We determined the rotation curve using data on either side of the major axis, although we favour the rotation curve obtained from the south-eastern side of the major axis, as the velocity field on this side is less perturbed than on the western side. We also made a solution for the rotation curve using data from both sides of the major axis. All these solutions are presented in Fig. 8 . The resulting parameters from the rotation curve fitting for the south-eastern side, except the position angle that was obtained using both sides, are shown in Table 4 , and the corresponding southeastern side rotation curve is presented in Table 5 . Experiments leaving the position angle as a free parameter and using data from both sides of the major axis gave rotation velocities that were similar within 3 km s ¹1 to those presented in Fig. 8 , while the position angle varied rather randomly between 18Њ and 28Њ. In Table 5 , V rot is the circular rotation velocity and j is the dispersion of the least-squares sum which can be used as a conservative estimate for the error in the rotational velocities. Of course, the systematic error in the rotational velocities caused by fixing the inclination and the position angle can be much larger.
We weighted points by cos v (v being the angle between the major axis and the point in the plane of the galaxy) in the final rotation curve solution, and fixed the inclination at 51
• and the position angle of the line-of-nodes at 22
• . These values should be compared with the values determined from optical observations (fitting ellipses to the outer isophotes). The extremes of the optical determinations of the inclination are 35
• (Richter & Huchtmeier 1982) and 45
• (Grosbøl 1985) , those of position angle are 16
• (Burbidge, Burbidge & Prendergast 1960) and 39
• (Grosbøl 1985) .
The optical isophotes will be distorted by the western spiral arm. This could easily lead to an inaccurate determination of the position angle and the inclination. We believe that the kinematically obtained values from the 21-cm observations are more reliable than the optical determinations. Both methods suffer from perturbations caused by the bar, spiral arms, and possible remnants from past interactions, but in different ways. The optical determinations are usually made using the outermost elliptical contours, where the effects of the western arm and a possible recent interaction in the NGC 7479 system are the most serious. In contrast, the
S. Laine and S. T. Gottesman
᭧ 1998 RAS, MNRAS 297, 1041-1051 Table 5 . The parameters of the rotation curve. See Table 4 for the orientation parameters used in the fit. Figure 8 . The deprojected 8.5 arcsec resolution rotation curves out to a radius of 130 arcsec (21 kpc at the adopted distance of NGC 7479). The circles refer to points determined using the south-eastern side of the major axis only, the crosses show the rotation curve determinations using data on the north-western side of the major axis only, and triangles show the rotation curve using both sides. The error bars refer to the rotation curve derived using data on both sides, and are larger than the error bars for the southeastern side only, given in Table 5 . See Table 4 for the orientation and other parameters used in the fit. Downloaded from https://academic.oup.com/mnras/article-abstract/297/4/1041/1033700 by guest on 25 December 2018 determination of the orientation parameters with the kinematical data is made in several independent annuli, which are then averaged to derive the orientation parameters. We also tried to improve the fit to the inner regions, which showed consistently high inclinations when inclination was left as a free parameter in trial fits, in terms of bar streaming motions. No satisfactory fit could be achieved. Most likely the bar streaming cannot be extracted since the angle between the line-of-nodes and the major axis of the bar in NGC 7479 is less than 20
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• , close to the singular situation of 0 • , for which Long's (1991) procedure to fit the bar streaming motions does not work. In addition, the 21-cm emission is too weak in the bar region for a reliable fit.
Position-velocity plots
In Fig. 9 we show a position-velocity plot taken near the minor axis, using a position angle of 115
• . Along the minor axis, only motion in the radial sense is seen. Hence, the minor axis region is a very sensitive probe of local and global streaming motions. The dashed line in this figure has been drawn at the systemic velocity of 2371 km s ¹1 , and it marks the line where the emission is expected to lie in the presence of pure circular rotation. It can be seen that the bar streaming motion has caused the little knots at higher velocities on the north-western side and at lower velocities on the southeastern side about 15-20 arcsec from the central position. In addition to these, a small radial streaming component near one of the arms at 65 arcsec towards south-east from the central position can be seen. The sense of this streaming is such that the gas is moving toward us with respect to the systemic velocity. The deprojected magnitude is about 30 km s ¹1 . Assuming that the arms are trailing, this implies inflow in the plane of the galaxy. This position coincides with a major dust lane on the eastern side. The sense of radial (or tangential) streaming motions along the spiral arms can sometimes be used to derive the location of the corotation resonance, using, e.g., the prescription of Rohlfs (1977) . The inflow along the arm makes it likely that the corotation radius is not further out in the disc than this location. Since the spiral structure of NGC 7479 is so asymmetric and we have only one observed location of substantial radial streaming, we do not perform a full streaming analysis for NGC 7479.
On both sides of the centre, the emission along the minor axis moves toward higher velocities at large distances from the centre. On the western side, this reflects the generally higher line-of-sight velocity in the gaseous arm. On the eastern side the situation is less clear. A patch of emission from the long peculiar gaseous arm is on the far left in the minor axis slice. Finally, owing to the weak H i within the barred region, no sign of continuum absorption is observed in the centre.
A cut along the major axis at position angle 205
• is shown in . This gradient may place some limit on the rotation curve towards the inner, bar-dominated region, but it is likely to underestimate the central gradient because of beam-smoothing effects. Therefore, this region was not considered in the discussion of Section 3.4.2 and in the derivation of Fig. 8 .
Owing to the orientation of the isovelocity contours on the southwestern side, the emission appears flat at an almost constant velocity. However, the velocities are rising if the changing position angle, as seen in Fig. 7 , is taken into account. The emission on the north-eastern side has more bends and bumps and a falling character, most clearly seen at the position of the H i arm at a distance of 160 arcsec (again see Fig. 7 ). No sign of H i absorption is found near the location of the central radio continuum emission.
Search for low surface brightness companions
Motivated by speculation of a recent interaction in the NGC 7479 system (Quillen et al. 1995) and by the asymmetric nature of the spiral structure, we made a search for low-luminosity, relatively hydrogen-rich satellite galaxies around NGC 7479. These observations were made on 1995 June 4. For this 'detection experiment' we chose a large bandwidth, 6.25 MHz, with thirty-one 195.3-kHz (41.9 km s ¹1 ) channels. The total time on-source was 29.5 min. The
Neutral hydrogen in NGC 7479 1049
᭧ 1998 RAS, MNRAS 297, 1041-1051 Table 4 . The contour levels are 0.28 (1j rms) × 2; 3; 4; 6; 8; 10 mJy beam ¹1 . Downloaded from https://academic.oup.com/mnras/article-abstract/297/4/1041/1033700 by guest on 25 December 2018 radio source 2328+107 was used as a phase calibrator and its observations bracketed that of NGC 7479. 3C 48 (0134+329) was observed once at the beginning of the detection experiment, and it served as a flux and bandpass calibrator. Data reduction proceeded in the same way as described in Section 2. Parameters used in these observations are given in Table 6 .
Since the noise in the channel maps can be closely approximated by a Gaussian (Simpson 1995) , we searched for pixels with values above 4j outside the emission from the main galaxy. We performed further tests to investigate whether any of these pixels were true detections. One would expect velocity continuity in a true detection. If the intrinsic velocity width of the H i emission is larger than 35 km s ¹1 , it will appear as signal in two consecutive channels. An inspection of the channels of the cube revealed that there were no 4j peaks at the same location in two or more successive channels.
We also looked for weaker signal in pixels neighbouring the suspect high-signal pixels, along both the spatial and velocity axes. Most detection candidates did not have nearby emission at even the 3j level. We discarded these 'detections' as noise spikes.
NGC 7479 was also observed in the same run with a different correlator setting which has noise that is independent of the detection experiment. We looked for emission in this other set of observations at the locations of the detection candidates. No flux above the 2j noise level was found. We conclude that NGC 7479 does not have any hydrogen-rich companions within 12 arcmin (115 kpc) of its centre and Ϯ440 km s ¹1 of its systemic velocity. An upper limit to the H i mass of a putative satellite is obtained by taking the highest integrated flux in the zeroth moment map, averaged over one beam. The resulting mass is 2:4 Ϯ 0:7 × 10 8 M ᭪ , where the error corresponds to 1j noise in the moment map.
We conclude that NGC 7479 does not have any major interacting H i-rich companions. This conclusion is supported by the preliminary results of G. F. Benedict (private communication), who undertook a deep photometric search for faint companions around NGC 7479, and found none. This result is significant since it strongly argues against a major interaction as the cause of the m ¼ 1 asymmetry in the spiral structure of NGC 7479.
D I S C U S S I O N A N D C O N C L U S I O N S
The first striking feature in these observations is the asymmetric structure of the H i emission. The same is seen also in the optical and near-infrared data (Laine 1996) . The asymmetries must be either a result of the intrinsic evolution of an isolated disc galaxy, or alternatively, the outcome of an interaction/merger. A similar morphology is found in Magellanic barred spirals (e.g. Odewahn 1994 Odewahn , 1996 . These galaxies often have an offset bar (not seen in NGC 7479) and one strong spiral arm starting at one end of the bar, with one or more minor arms starting from the other end of the bar, which is exactly what is seen in NGC 7479.
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᭧ 1998 RAS, MNRAS 297, 1041-1051 Figure 10 . A position-velocity slice across the major axis in the naturally weighted data cube at position angle 205Њ. The central position, which is marked by a star, corresponds to the kinematical centre as given in Table 4 . The south-western side corresponds to the negative offsets along the major axis. The contour levels are 0.28 (1j rms) × ¹2; 2; 3; 4; 6; 8; 10 mJy beam ¹1 . The projected rotation curve has been plotted with small plus symbols. The beamsize and the velocity resolution have been marked by the cross at the bottom right corner. However, asymmetries in the H i distribution and spectra are not unusual. Richter & Sancisi (1994) find asymmetries in half of the disc galaxies in a sample that includes about 1700 galaxies. The asymmetric H i spectral profiles may suggest spatial asymmetries and could therefore imply that interactions and mergers are prevalent in shaping disc galaxies, or that the galaxy potentials are intrinsically asymmetric (m ¼ 1 instability).
It is tempting to explain several peculiar features in NGC 7479, including the asymmetric spiral structure, perturbed H i velocity field and the strong stellar bar, with the help of a recent interaction. We suggest that the strong, long western arm is an inclined, tidal counter-arm created by a disrupted dwarf galaxy (Paper III).
The main conclusions from this work are the following.
(1) The H i distribution has considerable asymmetries and distortions in the outer disc. The western spiral arm extends well outside the main neutral hydrogen disc. This arm coincides partly with a strong optical arm, but the neutral hydrogen arm is much longer than the optical arm. We propose that the long and luminous arm is a tidal arm generated opposite to an infalling companion, which has been disrupted during the course of a merger (Laine 1996; Paper III).
(2) The H i kinematics of the disc are fairly regular on the southeastern side of the major axis. In contrast, there is a severe perturbation associated with the western spiral arm. This perturbation can be explained if the arm is radially expanding. The arm appears to be in another plane.
(3) The H i distribution has a large central hole, roughly matching the radius of the bar. Since most of the gas in this area has been driven in to the bar, there must have been a phase transition from neutral atomic to molecular gas. Outside the central hole, the neutral hydrogen gas is mostly distributed in a disc which extends out to around 130 arcsec (21 kpc) from the centre. The 21-cm high-resolution radio continuum has an anomalous two-armed structure in the bar region. The arms bend in the opposite sense to the main spiral arm structure. The emission along the bar is associated with bar dust lanes. However, the radio continuum components outside the bar have no associated optical or near-infrared features.
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